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Abstract 

Background The evidence indicates that functional training is beneficial for athletes’ physical and technical perfor-
mance. However, a systematic review of the effects of functional training on athletes’ physical and technical per-
formance is lacking. Therefore, this study uses a literature synthesis approach to evaluate the impact of functional 
training on the physical and technical performance of the athletic population and to extend and deepen the existing 
body of knowledge.

Methods This review followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines, 
and the researchers performed a systematic search of five international electronic databases using the predefined 
terms "functional training" and "athletes" on 15th November 2023: Web of Science, CINAHL PLUS, PubMed, Scopus, 
and SPORTDiscus. A PICOS approach was used to identify the following inclusion criteria: (1) athletes, (2) a func-
tional training program, (3) an active control group, (4) a measure of physical and/or technical performance, and (5) 
randomized controlled studies. A methodological quality assessment of the original research was conducted using 
the Physiotherapy Evidence Database (Pedro) scale. The review was performed using the PRIMSA guidelines and reg-
istered in PROSPERO (ID: CRD42022347943).

Results Of the 1059 potentially eligible studies identified, 28 studies met the inclusion criteria. The studies included 
were conducted on 819 athletes from 12 different countries and were published between 2011 and 2023. The assess-
ment was performed on the Pedro scale, and the mean Pedro score for the included studies was 5.57 (moderate 
quality, ranging from 4 to 10). The eligibility study reported on 14 different types of sports, with 22 studies focusing 
on physical performance and 11 studies focusing on technical performance. These studies have shown that func-
tional training can significantly improve the physical and technical performance of athlete populations, but in some 
studies, no significant difference in the data was observed between groups.
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Conclusion Functional training is an effective training method for enhancing the physical and technical perfor-
mance of athlete populations. However, no significant difference in the data was observed between the functional 
training groups and the regular training group, which may be due to the duration of the training program, the differ-
ent training experiences of the athletes, and the different focuses of the training regimens. Therefore, future studies 
should focus on the physical and technical performance of different sports groups with different types and durations 
of functional training programs to expand the current evidence base.
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Introduction
Sports performance is the demonstration of an athlete’s 
competitive ability during training or competition [1]; 
it relies on several factors, such as an individual’s talent 
level, fitness level, technical ability, tactical level, and psy-
chological qualities [2, 3]. A comprehensive assessment 
of these complex factors can identify and address the spe-
cific needs of an athlete for all practitioners to optimize 
sports performance. Among the many factors that influ-
ence sports performance, an athlete’s physical fitness and 
skill level are the most central [4–6]. Physical fitness can 
be defined as either health-related or skill-related, health-
related physical fitness (body composition, muscular 
strength, muscular endurance, flexibility, and cardiores-
piratory endurance) related to one’s day-to-day activities, 
and skill-related physical fitness (agility, balance, coordi-
nation, reaction time, power, and speed) refers to your 
ability to perform physical tasks efficiently as it relates 
to a particular sport [7]. Technical performance refers to 
sport-specific technical skills (i.e., tennis forehand and 
backhand), movements involving specific goals or objec-
tives, and the need to coordinate several motor abilities 
within a specific environment and time frame [8]. Addi-
tionally, recognizing the interplay between physical fit-
ness and technical performance, as physical fitness is the 
prerequisite and foundation of technical performance 
is important, and technical performance is the highest 
expression of physical fitness [6, 9].

Sports scientists use modern science and technology 
and scientific training methods to optimize sports per-
formance; the effectiveness of different training meth-
ods to improve sports performance has become a focus 
of attention, and many empirical studies have been con-
ducted using various types of training methods, such as 
resistance training [10], core strength training [9], plyo-
metric training [11], and functional training [12]. Tar-
geted training can realize the organic connection and 
transformation of physical fitness and technical perfor-
mance and improve athletes’ performance [13], which 
is mainly because these methods are based on the char-
acteristics and laws of the sports program, from which 
weak links are identified, and targeted training strate-
gies are developed. Second, these methods focus on 

the totality of human movement, thus highlighting the 
overall effects of multiple joints; the overall coordina-
tion of the human movement chain; the dynamics of 
human movement, stability and balance; the ability of 
the nervous system to coordinate human movement; and 
the ability of the nervous system to coordinate human 
movement [14–16]. The American College of Sports 
Medicine (ACSM) supports the use of traditional resist-
ance training to enhance athletic performance, which is 
accomplished by gradually increasing the exercise load 
during training [17]. Most traditional resistance train-
ing lacks multijoint and multiplanar exercises, which are 
believed to be the cornerstones of peak athletic perfor-
mance [18, 19]. The training components included in the 
training program should be consistent with the athlete’s 
needs and the program’s characteristics to ensure maxi-
mum transfer to the sport [1]. In other words, the prin-
ciple of specificity should be followed by the selection of 
exercises that reflect the type of activity involved in the 
sport. Nevertheless, functional training is a training strat-
egy that has garnered significant attention [17]. The fun-
damental principle is the specificity of training, namely, 
the specific training for an individual’s specific function 
or needs, to achieve the goal of improving or enhancing 
his or her functional ability [20]. Although a number of 
studies have described the efficacy of functional training, 
convincing athletes and coaches that functional training 
can improve athletes’ physical [12, 21, 22] and technical 
performance [23–25], current studies do not fully under-
stand the impact of functional training on the physi-
cal and technical performance of athletes, mainly due 
to significant differences in the study design and study 
populations. Confounding factors, such as combination 
with other training interventions, were also included. 
These inconsistencies make it challenging to draw firm 
conclusions. However, to the authors’ knowledge, sev-
eral systematic reviews of functional training have been 
published recently, and most reviews on this topic have 
focused on athlete fitness [26–28], and athletes’ techni-
cal performance [29, 30]; however, a gap exists in the lit-
erature that specifically examines the effects of functional 
training on athletes’ physical and technical performance. 
The physical and technical performance of athletes are 
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the key factors in their comprehensive competitive abil-
ity [4–6]. As a result, a systematic review and summary 
of the literature on the effects of functional training on 
athletes’ physical and technical performance can not only 
identify potential advantages of functional training on 
the physical and technical performance of various athlete 
types but also provide insightful recommendations for 
future research directions for practitioners or academics 
in the field. Consequently, the purpose of the current sys-
tematic review was to evaluate the available data on the 
impact of functional training on athletes’ physical and 
technical performance.

Methods
The research was registered under the CRD42022347943 
designation in the International Prospective System-
atic Evaluation Registry and adhered to the Preferred 
Reporting in Systematic Evaluation and Meta-Anal-
ysis (PRISMA) criteria [31]. Since individual subject 
data were not included in this study, no further ethical 
approval was needed.

Search strategy
Researchers systematically searched potential literature 
in five international electronic databases (Scopus, Pub-
Med, CINAHL PLUS, SPORT Discus, and Web of Sci-
ence) in November 2023 using predetermined keyword 
combinations of “functional training” and “athlete”. Addi-
tionally, researchers performed an updated search in 
November 2024 to incorporate more recent studies that 
may not have been included in the synthesis papers. The 
predetermined keyword combinations were as follows: 
(("functional training" OR "functional exercise" OR 
"functional skill*" OR "functional task training" OR 
"therapeutic exercise" OR "functional balance training" 
OR "functional strength training" OR "functional move-
ment training" OR "functional movement screen train-
ing" OR "functional correction training" OR "functional 
fitness training" OR "functional fitness training") AND 
("player ∗ " OR "athlete ∗ " OR "sportsman ∗ " OR "sports-
woman ∗ " OR "sportsperson ∗ ")). Moreover, a thorough 
manual search was conducted on both Google Scholar 
and the reference lists of all the selected papers to ensure 
that no relevant publications were missed.

Eligibility criteria
The following inclusion criteria were created using the 
Population, Intervention, Comparison, and Outcome 
(PICOS) framework: (1) subjects were athletes, regardless 
of age, training experience (refers to an individual’s past 
experiences and practices in sports), or competitive level; 
(2) the intervention was a planned, organized study of the 
effects of functional training on athlete performance; in 

addition, studies using a combination of functional train-
ing and other types of exercise (e.g., resistance training) 
were included; (3) the outcomes included at least one 
physical or technical performance component; (4) the 
experimental design was a randomized controlled trial 
(RCT); and (5) the length of the intervention, the experi-
mental site, and the sample size were all unrestricted.

The following studies were excluded: (1) case reports, 
short communications, reviews, conference abstracts, 
published and unpublished articles written in languages 
other than English; (2) duplicate studies; and (3) studies 
that included nonexercise interventions (e.g., psychologi-
cal interventions and, nutritional supplements) in addi-
tion to functional training.

Screening and data extraction
Three steps composed the literature screening process: 
(1) a skilled librarian conducted the literature search; (2) 
duplicates were eliminated from the list of retrieved liter-
ature by importing it into the Mendeley Literature Man-
ager; and (3) independent researchers (XWS and BXR) 
perused the titles and abstracts of the identified studies 
to find relevant articles. The whole texts of all eligible 
studies had to be available for inclusion in the qualitative 
synthesis analysis; those without the full texts were dis-
qualified. If any disagreements occurred, a third reviewer 
(SKG) was consulted until a consensus was reached.

Two independent reviewers (XWS and BXR) extracted 
data relevant to the aims of this review from the included 
studies, with the accuracy validated by a third reviewer 
(SKG). Following screening, the following information 
was obtained in a predefined format: (1) authors and 
publication year; (2) participant characteristics (type 
of athletes, gender, age, training experience, and sam-
ple size); (3) intervention program characteristics (type, 
duration, time, and frequency); and (4) measures and 
outcomes.

Quality assessment and risk of bias
Four aspects of research methodology are evaluated by 
the Physiotherapy Evidence Database (Pedro) scale: the 
randomization process, blinding, group comparison, 
and data analysis. The Pedro scale has a maximum value 
of 10, and higher scores indicate higher methodologi-
cal quality. The eligibility criteria are not included in the 
total score because they are connected to external valid-
ity [32]. More precisely, scores between 6 and 10 indicate 
high quality, scores between 4 and 5 indicate moderate 
quality, and scores less than 3 indicate low quality. Any 
disagreements regarding the methodological quality of 
the studies between the two authors (XWS and BXR) 
were first discussed, and a consensus was sought. If no 
agreement was reached, a third reviewer (SKG) made 
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the final decision. In the assessment of methodological 
quality and risk of bias, inter-rater reliability was quanti-
tatively evaluated using the Cohen kappa coefficient. The 
kappa value obtained was 1.00.

Data synthesis and analysis
Due to the insufficient homogeneity of the included stud-
ies in terms of the type of athlete, training programs 
(i.e., functional balance training, and functional strength 
training), and methods used to measure the outcomes, a 
meta-analysis could not be conducted, and a qualitative 
analysis of the studies was instead conducted. Addition-
ally, the researchers used a qualitative assessment of best 
evidence synthesis (BES) to reach their conclusions, a 
method that has been used in other systematic reviews 
in the past [1, 33], which considers the quantity of stud-
ies, methodological quality, and consistency at five levels 
of evidence, to evaluate the overall level of scientific evi-
dence: (1) strong evidence, provided by generally consist-
ent results from multiple (≥ 2) high-quality studies; (2) 
moderate evidence, provided by one high-quality study 
and one or more low-quality studies or generally consist-
ent results from multiple low-quality studies; (3) limited 
evidence, when only one study is available or multiple 
(≥ 2) studies have inconsistent results; (4) conflicting evi-
dence, for conflicting results from case‒control studies 
(75% of studies reported consistent results); and (5) no 
evidence, when no case‒control studies were found [34].

Results
The review included 28 randomized controlled tri-
als (RCTs) that were published between 2011 and 2024. 
Nineteen studies were conducted in Europe (two in Ger-
many and one each in Croatia, Switzerland, Russia, and 
Spain), seventeen in Asia (seven in China, six in Turkey, 
two in Korea and Iran, and one each in Italy, Iraq, and 
Pakistan), and two in Africa (Egypt).

Study section
A total of 1059 potentially eligible publications were 
obtained from the five international electronic databases 
using predetermined keyword combinations (Scopus: 
n = 504; PubMed: n = 74; CINAHL PLUS: n = 32; SPORT-
Dicus: n = 253; Web of Science: n = 141). Furthermore, 
55 potentially eligible studies were identified via man-
ual searches of the reference lists (n = 24) and Google 
Scholar (n = 31). Following deduplication, 738 studies 
were included for title and abstract screening. A total 
of 267 studies were subsequently eliminated because of 
their non-English publication or review format. Further-
more, 443 studies were excluded based on the eligibility 
criteria. Ultimately, 28 studies met all the eligibility crite-
ria. Figure 1 presents the PRISMA flowchart.

Quality assessment
The mean Pedro score for the included studies was 5.57 
(moderate quality), with a range of 4 to −10; 19 stud-
ies were rated as moderate quality, with a score of 4 or 
5; nine studies were rated as high-quality, with a score 
of 6 to −10; and three studies met all the criteria of the 
Pedro checklist [12, 35, 36]. Table  1 display the meth-
odological quality assessment scores.

Characteristics of the participant
The included studies focused on 14 different types of 
sports, including soccer [32, 43, 58], basketball [23, 44, 
48, 58, 59], tennis [12, 21, 35, 47, 53], taekwondo [52, 
57], handball [39, 43], shot put [40], wushu [41], judo 
[42], dance [51], baseball [54], badminton [55], dragon 
boat racing [56], hammer ball [24], and hockey [36], 
with one study focusing on collegiate athletes who did 
not report sport categories [37]. This review included 
903 participants (463 males and 111 females), 329 of 
whom were from a mixed population or did not spec-
ify their gender. The age ranged from 8.9 years [21] to 
32.5  years [44], and eight studies did not report the 
age of the participants [23, 41, 42, 51, 53–55, 58]. At 
the professional level, eight studies focused on col-
legiate athletes, eight studies focused on professional 
or elite athletes, four studies focused on club athletes, 
and one study focused on athletes from soccer schools. 
Additionally, 14 studies reported that subjects’ train-
ing experience ranged from 2  years [21] to more than 
12 years [37, 38], and 14 studies did not report subjects’ 
training experience. Table  2 display the population 
demographic characteristics.

Characteristics of the intervention
The study’s experimental group, which fulfilled the eli-
gibility criteria, followed a different exercise regimen 
with an emphasis on functional strength training. The 
following were the intervention program character-
istics: (1) training duration—the shortest duration of 
the intervention was 8 days [38], and the longest dura-
tion was 10 months [50]; (2) time—nine studies did not 
report the duration of a single intervention [37, 38, 41, 
52, 53, 55, 58, 59], and in the remaining studies, the 
duration of a single intervention ranged from 10  min 
[43] to 90  min [42, 47, 49, 57]; (3) frequency—three 
studies did not report the intervention frequency [38, 
41, 52], and in the remaining studies, the intervention 
frequency ranged from 2 times/week [42, 43, 45, 46, 49, 
50, 56] to 4 times/week [48]. Table 3 display the inter-
ventions and outcomes characteristics. 
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Outcome characteristics
Effects of functional training on physical performance
This review included 22 studies that reported physical 
performance, and the outcomes were categorized into 
health-related physical performance and skill-related 
physical performance.

Effects of functional training on health‑related physical 
performance The core components of health-related fit-
ness include body composition, muscular strength, mus-
cular endurance, flexibility, and cardiorespiratory endur-
ance. Meanwhile, since keeping track of individuals’ food 
and calorie consumption during the intervention—a 
characteristic that significantly affects body composition 
[60]—is more difficult, body composition was temporarily 
excluded from use as an outcome indicator in this study.

(1) Muscular strength. Thirteen studies focused on 
strength performance, using medicine ball throws 
[37, 41], grip strength [24, 39, 54, 56], 1RM [39, 
44, 46, 50, 52], static strength tests [24], push-ups 
[12, 41, 56, 58], sit-ups [57], and wall squat tests 
[12] to assess strength performance. The subjects 

participated in soccer [46, 50], taekwondo [52, 57], 
basketball [44, 58], baseball [54], tennis [12], hand-
ball [39], hammer ball [24], wushu [41], and dragon 
boat racing [56]. One study did not report on the 
type of athletes and only reported results for col-
lege athletes [37]. The results of the study indicated 
how much functional training enhanced athletes’ 
strength performance. Furthermore, following the 
trial, six investigations reported no significant dif-
ference between groups [44, 46, 54, 56–58].

(2) Muscular endurance. Three studies focused on 
muscular endurance, using the Taekwondo core 
endurance test [52] and the push-up test [36, 57] 
to assess muscular endurance performance. The 
participants were Taekwondo [52, 57] and hockey 
players [36]. The subjects’ muscular endurance per-
formance was significantly enhanced by functional 
training. Following the trial, Khazaei et  al. (2023) 
and Bashir et  al. (2024) documented statistically 
significant differences between the groups after the 
intervention.

(3) Flexibility. Ten studies focused on flexibility perfor-
mance, which was assessed using the sit and reach 
[21, 35, 36, 44, 46, 47, 54, 56, 57], the trunk forwards 

Fig. 1 PRISMA flow chart was used to identify of the include studies
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flexion test, the trunk back extension test, the split 
test [39], and the side-step test [54], with subjects 
such as tennis players [21, 35, 47], handball play-
ers [39], basketball players [44], soccer players [46], 
baseball players [54], dragon boat racers [56], taek-
wondo players [57], and hockey players [36]. Most 
of the studies confirmed a significant improvement 
in subjects’ flexibility performance after the inter-
vention, and two studies reported no significant 
difference in subjects’ ability to sit and reach after 
the intervention [54, 56]. Furthermore, four inves-
tigations showed significant differences between 
groups after the intervention [21, 35, 36, 47].

(4) Cardiorespiratory endurance. Seven studies focused 
on cardiorespiratory endurance and used the Win-
gate anaerobic power test [46, 47], VO2max test 
[43], Bruce test [57], 3200 m, sideline 17-repetition 
run [58], dedicated endurance test [42], and mul-

tistage fitness test [35] to assess cardiorespiratory 
endurance performance. The participants were ten-
nis players [35, 47], judo players [42], handball play-
ers [43], basketball players [46, 58], and taekwondo 
players [57]. The study findings indicated that func-
tional training greatly increased participants’ cardi-
orespiratory endurance. Moreover, two investiga-
tions revealed significant differences between the 
groups after the intervention [57].

Effects of functional training on skill‑related physical 
performance

(1) Agility. Twelve studies focused on agility perfor-
mance, which was assessed using the t-test [21, 36, 
44, 47–49, 57], shuttle run test [41, 48, 56], hex-
agonal agility test [35, 37], limited area body acuity 
detection [58], planned agility test [35], and Illinois 

Table 1 Summary of methodological quality assessment scores

Item 1: Eligibility criteria; Item 2: Random allocation; Item 3: allocation concealment; Item 4: baseline comparability; Item 5: blind participants; Item 6: blind therapist; 
Item 7: blind assessor; Item 8: follow-up; Item 9: intention to treat analysis; Item 10: between group comparisons; Item 11: point measure and variability; P: poor 
quality; M: moderate quality; H: high quality; TS: total score; SQ: study quality

Study Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 Item 7 Item 8 Item 9 Item 10 Item 11 TS SQ

Tomljanović et al. (2011) [37] 1 1 0 1 0 0 0 0 1 1 1 5 M

Sander et al. (2013) [38] 1 1 0 1 0 0 0 0 1 1 1 5 M

Song et al. (2014) [39] 1 1 0 1 0 0 0 0 0 1 1 4 M

Elbadry (2014) [24] 1 1 0 1 0 0 0 0 1 1 1 5 M

Kamal (2016) [40] 1 1 0 1 0 0 0 0 1 1 1 5 M

Cherepov & Shaikhetdinov (2016) [41] 1 1 0 1 0 0 0 0 1 1 1 5 M

Osipov et al. (2017) [42] 1 1 0 1 0 0 0 0 1 1 1 5 M

Alonso-Fernández et al. (2017) [43] 1 1 0 1 0 0 0 0 1 1 1 5 M

Yildiz et al. (2019) [21] 1 1 0 1 0 0 0 0 0 1 1 4 M

Usgu et al. (2020) [44, 45] 1 1 0 1 0 0 0 0 0 1 1 4 M

Turna & Alp (2020) [46] 1 1 0 1 0 0 0 0 0 1 1 4 M

Zirhli & Demirci (2020) [47] 1 1 0 1 0 0 0 0 1 1 1 5 M

Turker & Yuksel (2021) 1 1 0 1 0 0 0 0 1 1 1 5 M

Hovsepian et al. (2021) [48] 1 1 0 1 0 0 0 1 1 1 1 6 H

Carvutto et al. (2021) [49] 1 1 0 1 0 0 0 0 1 1 1 5 M

Keiner et al. (2022) [50] 1 1 0 1 0 0 0 1 1 1 1 6 H

Zheng (2022) [51] 1 1 0 1 0 0 0 0 1 1 1 5 M

Abood et al. (2022) [23] 0 1 0 0 0 0 0 0 1 1 1 4 M

Zou & Ma (2022) [52] 1 1 0 1 0 0 0 0 0 1 1 4 M

Liu & Yi (2023) [53] 1 1 0 0 0 0 0 0 1 1 1 4 M

Lee et al. (2023) [54] 1 1 0 1 0 0 0 0 1 1 1 5 M

Chen (2023) [55] 1 1 1 1 0 0 0 0 1 1 1 6 H

Wu et al. (2023) [56] 1 1 0 1 0 0 0 1 1 1 1 6 H

Khazaei & Amani-Shalamzari (2023) [57] 1 1 1 1 0 0 1 1 1 1 1 8 H

Xiao et al. (2023) [12 ] 1 1 1 1 1 1 1 1 1 1 1 10 H

Shang et al. (2023) [58] 0 1 1 1 0 0 0 0 1 1 1 6 H

Xiao et al. (2024) [35] 1 1 1 1 1 1 1 1 1 1 1 10 H

Bashir et al. (2024) [36] 1 1 1 1 1 1 1 1 1 1 1 10 H



Page 7 of 19Xiao et al. BMC Sports Science, Medicine and Rehabilitation            (2025) 17:2  

Table 2 Summary of population demographic characteristics

NR not reported, M male, F female, yr: year, EG functional training group, CG control group, Freq frequency, time: single intervention time; Length: total time of the 
intervention; ↑: significant difference between pre- and post-experimental group data; ↔ : no significant difference between pre-and post-experimental group data; #: 
significant difference between post-experimental group data; NWP normal soccer warm-up, WPS warm-up program supplemented with functional training

Study Country Type of Athletes Level/training experience Population Characteristics

Tomljanović et al. (2011) [37] Croatia NR Moderately trained collegiate ath-
lete/ > 12 yr

EG: n = 11, CG: n = 12, Gender: M, Age: 
22–25 yr

Sander et al. (2013) [38] Germany Soccer Professional/ > 12 yr EG1: n = 65, EG2: n = 56, Gender: NR, age: 
15.1 yr

Song et al. (2014) [39] Korea Handball Elite/NR EG: n = 31, Gender: M, age: 17.0 ± 1.06 yr.; 
CG: n = 31, Gender: M, Age: 16.62 ± 0.94 yr

Elbadry (2014) [24] Egypt Hammer throw Collegiate/NR EG: n = 10, Gender: F, Age: 18.33 ± 0.5 yr.; 
CG: n = 10, Gender: F, Age: 18.29 ± 0.8 yr

Kamal (2016) [40] Egypt Shot put Collegiate/NR EG: n = 10, Gender: F, Age: 18.33 ± 0.5 yr.; 
CG: n = 10, Gender: F, Age: 18.29 ± 0.8 yr

Cherepov & Shaikhetdinov (2016) [41] Switzerland Martial artists Elite/NR EG: n = 15, CG: n = 15, Gender: NR, Age: NR

Osipov et al. (2017) [42] Russia Judo Collegiate/7–8 yr EG = 30, CG = 30, Gender: NR, Age: 
20–30 yr

Alonso-Fernández et al. (2017) [43] Spain Handball Club/60 months EG = 7, CG = 7, Gender: F, Age: 15.2 ± 0.6 yr

Yildiz et al. (2019) [21] Turkey Tennis Prepubertal players/3.1 ± 1.1 yr EG1 = 10, EG2 = 10, CG = 8, Gender: NR, 
Age: 9.6 ± 0.7 yr

Usgu et al. (2020) [44, 45] Turkey Basketball Professional/NR EG: n = 14, Gender: M, Age: 26.6 ± 5.9 yr.; 
CG: n = 14, Gender: M, Age: 22.4 ± 4.2 yr

Turna & Alp (2020) [46] Turkey Soccer Professional/6.4 ± 3.09 yr., 4.4 ± 2.71 yr EG: n = 10, Gender: M, Age: 25.2 ± 3.36 yr.; 
CG: n = 15, Gender: M, Age: 22.90 ± 2.02 yr

Zirhli & Demirci (2020) [47] Turkey Tennis Club/ ≥ 2 yr EG = 10, CG = 10, Gender: F, Age: 
11.20 ± 0.834 yr

Turker & Yuksel (2021) Turkey Basketball Elite/NR EG: n = 15, Gender: M, Age: 20.8 ± 1.7 yr.; 
CG: n = 15, Gender: M, Age: 21.06 ± 1.9 yr

Hovsepian et al. (2021) [48] Iran Basketball Professional/7.5 ± 2.5 yr., 6.5 ± 1.5 yr EG: n = 10, Gender: F, Age: 23.5 ± 3.0 yr.; 
CG: n = 10, Gender: F, Age: 21.0 ± 1.5 yr

Carvutto et al. (2021) [49] Italy Soccer Soccer school/NR EG: n = 14, Gender: M, Age: NR; CG: n = 10, 
Gender: M, Age: NR

Keiner et al. (2022) [50] Germany Soccer Professional/NR EG1: n = 11, EG2: n = 11, EG3: n = 14, CG: 
n = 12, Gender: NR, Age: 17.45 ± 0.52 yr

Zheng (2022) [51] China Dance Collegiate/NR EG: n = 30, Gender: M, Age: NR; CG: n = 30, 
Gender: M, Age: NR

Abood et al. (2022) [23] Iraq Basketball Clubs/NR EG: n = 7, Gender: NR, Age: NR; CG: n = 7, 
Gender: NR, Age: NR

Zou & Ma (2022) [52] China Taekwondo National second-level athlete/ ≥ 2 yr EG1 = 8, CG = 8, Gender: M, Age: 22 yr

Liu & Yi (2023) [53] China Tennis Clubs/ NR EG: n = 9, Gender: M, Age: NR; CG: n = 9, 
Gender: M, Age: NR

Lee et al. (2023) [54] Korea Baseball Collegiate/TB: > 10 yr EG: n = 5, Gender: NR, Age: NR; CG: n = 5, 
Gender: NR, Age: NR

Chen (2023) [55] China Badminton National level/NR EG: n = 6, Gender: M, Age: NR; CG: n = 6, 
Gender: M, Age: NR

Wu et al. (2023) [56] China Dragon Boat Collegiate/NR EG: n = 21, Gender: M, Age: 21 ± 1.47 yr.; 
CG: n = 21, Gender: M, Age: 22 ± 1.50 yr

Khazaei & Amani-Shalamzari (2023) [57] Iran Taekwondo Elite/NR EG: n = 9, Gender: F, Age: 21.1 ± 2.9 yr.; CG: 
n = 8, Gender: F, Age: 22.3 ± 3.1 yr

Xiao et al. (2023) [12] China Tennis Elite/ > 4.5 yr EG: n = 20, Gender: M, Age: 16.7 ± 0.4 yr.; 
CG: n = 20, Gender: M, Age: 16.5 ± 0.6 yr

Shang et al. (2023) [58] China Basketball Collegiate/NR EG: n = 9, CG: n = 9, Gender: NR, Age: NR

Xiao et al. (2024) [35] China Tennis Elite/4.5 yr EG: n = 20, Gender: M, Age: 16.7 ± 0.4 yr.; 
CG: n = 20, Gender: M, Age: 16.5 ± 0.6 yr

Bashir et al. (2024) [36] Pakistan Hockey Elite/ > 3.8 yr EG = 22, CG = 22, Gender: M, Age: 
21.5 ± 0.8 yr



Page 8 of 19Xiao et al. BMC Sports Science, Medicine and Rehabilitation            (2025) 17:2 

Ta
bl

e 
3 

Su
m

m
ar

y 
of

 in
te

rv
en

tio
ns

 a
nd

 o
ut

co
m

es
 c

ha
ra

ct
er

is
tic

s

St
ud

y
In

te
rv

en
tio

ns
Ty

pe
 o

f E
xe

rc
is

e
M

ea
su

ri
ng

 in
st

ru
m

en
ts

 a
nd

 m
ai

n 
ou

tc
om

es

To
m

lja
no

vi
ć 

et
 a

l. 
(2

01
1)

 [3
7]

Fr
eq

.: 
3 

tim
es

/w
ee

k,
 ti

m
e:

 N
R,

 L
en

gt
h:

 5
 w

ee
ks

EG
: F

un
ct

io
na

l t
ra

in
in

g;
 C

G
: T

ra
di

tio
na

l r
es

is
ta

nc
e 

tr
ai

ni
ng

A
gi

lit
y 

(5
–1

0-
5 

te
st

 ↔
 , H

EX
↑#

); 
Po

w
er

 (C
M

J: 
AT

 ↔
 , 

PE
A

KP
W

R↑
#,

 JH
↑#

, G
C

T↑
#)

; S
tr

en
gt

h 
(S

M
B↑

#,
 

LM
B 
↔

); 
Sp

ee
d 

(1
0 

m
 ↔

 , 2
0 

m
 ↔

 , 1
0–

20
 m

 ↔
)

Sa
nd

er
 e

t a
l. 

(2
01

3)
 [3

8]
Fr

eq
.: 

N
R,

 ti
m

e:
 N

R,
 L

en
gt

h:
 8

 d
ay

s
EG

1:
 C

om
pl

et
ed

 th
e 

N
W

P 
fir

st
 a

nd
 th

e 
W

PS
 4

 d
ay

s 
la

te
r; 

EG
2:

 C
om

pl
et

ed
 th

e 
W

PS
 fi

rs
t a

nd
 th

e 
N

W
P 

4 
da

ys
 la

te
r

Sp
ee

d:
 li

ne
ar

 s
pr

in
t: 

5 
m
↑#

, 1
0 

m
↑#

, 1
5 

m
↑#

, 2
0 

m
↑#

, 
25

 m
↑#

, 3
0 

m
↑#

; C
D

S:
 5

 m
 le

ft
↑ 

an
d 

rig
ht
↑#

, 1
0 

m
 

le
ft
↑#

 a
nd

 ri
gh

t↑
#

So
ng

 e
t a

l. 
(2

01
4)

 [3
9]

Fr
eq

.: 
3 

tim
es

/w
ee

k,
 ti

m
e:

 N
R.

, L
en

gt
h:

 1
6 

W
ee

ks
EG

: F
un

ct
io

na
l t

ra
in

in
g 

(E
G

1)
; C

G
: R

eg
ul

ar
 tr

ai
ni

ng
St

re
ng

th
 (h

an
d 

gr
ip

 s
tr

en
gt

h↑
#,

 b
ac

k 
m

us
cl

e 
st

re
ng

th
↑#

, b
en

ch
-p

re
ss

 1
 R

M
↑#

, s
qu

at
 1

 R
M
↑#

); 
Fl

ex
ib

ili
ty

 (t
ru

nk
 fl

ex
io

n 
fo

rw
ar

d↑
, t

ru
nk

 e
xt

en
si

on
 

ba
ck

w
ar

d↑
, t

he
 s

pl
its
↑#

)

El
ba

dr
y 

(2
01

4)
 [2

4]
Fr

eq
.: 

3 
tim

es
/w

ee
k,

 ti
m

e:
 6

0 
m

in
, L

en
gt

h:
 8

 w
ee

ks
EG

: F
un

ct
io

na
l s

tr
en

gt
h 

tr
ai

ni
ng

; C
G

: R
eg

ul
ar

 
tr

ai
ni

ng
Ba

la
nc

e 
(d

yn
am

ic
 b

al
an

ce
↑#

); 
St

re
ng

th
 (c

or
e 

st
re

ng
th
↑#

, h
an

dg
rip

 s
tr

en
gt

h↑
, s

ta
tic

 s
tr

en
gt

h 
te

st
↑#

); 
Pe

rf
or

m
an

ce
 le

ve
l t

es
t↑

#

Ka
m

al
 (2

01
6)

 [4
0]

Fr
eq

.: 
3 

tim
es

/w
ee

k,
 ti

m
e:

 6
0 

m
in

, L
en

gt
h:

 8
 w

ee
ks

EG
: F

un
ct

io
na

l t
ra

in
in

g;
 C

G
: R

eg
ul

ar
 tr

ai
ni

ng
Pe

rf
or

m
an

ce
 le

ve
l t

es
t↑

C
he

re
po

v 
& 

Sh
ai

kh
et

di
no

v 
(2

01
6)

 [4
1]

Fr
eq

.: 
N

R,
 ti

m
e:

 N
R,

 L
en

gt
h:

 6
 m

on
th

s
EG

: F
un

ct
io

na
l t

ra
in

in
g;

 C
G

: R
eg

ul
ar

 tr
ai

ni
ng

St
re

ng
th

 (P
U
↑#

, O
M

BT
↑#

); 
A

gi
lit

y 
(S

H
R↑

#)

O
si

po
v 

et
 a

l. 
(2

01
7)

 [4
2]

Fr
eq

.: 
2 

tim
es

/w
ee

k,
 ti

m
e:

 9
0 

m
in

, L
en

gt
h:

 
32

 w
ee

ks
EG

: F
un

ct
io

na
l t

ra
in

in
g;

 C
G

: R
eg

ul
ar

 tr
ai

ni
ng

Ju
do

 fi
tn

es
s 

te
st
↑#

; T
es

t w
ith

 p
un

ch
in

g↑
#

A
lo

ns
o-

Fe
rn

án
de

z 
et

 a
l. 

(2
01

7)
 [4

3]
Fr

eq
.: 

2 
tim

es
/w

ee
k,

 ti
m

e:
 1

0 
m

in
, L

en
gt

h:
 8

 w
ee

ks
EG

: C
om

bi
ni

ng
 s

tr
en

gt
h,

 c
oo

rd
in

at
io

n 
an

d 
pl

yo
-

m
et

ric
 e

xe
rc

is
es

; C
G

: R
eg

ul
ar

 tr
ai

ni
ng

Ca
rd

io
re

sp
ira

to
ry

 e
nd

ur
an

ce
 (V

O
2m

ax
); 

Sp
ee

d 
(R

SA
↑)

; P
ow

er
 (C

M
J: 

AT
 ↔

 , J
H

 ↔
 , G

C
T 
↔

 , P
EA

K-
PW

R 
↔

)

Yi
ld

iz
 e

t a
l. 

(2
01

9)
 [2

1]
Fr

eq
.: 

3 
tim

es
/w

ee
k,

 ti
m

e:
 6

5–
70

 m
in

, L
en

gt
h:

 
8 

w
ee

ks
EG

1:
 F

un
ct

io
na

l t
ra

in
in

g 
gr

ou
p;

 E
G

2:
 T

ra
di

tio
na

l 
tr

ai
ni

ng
 g

ro
up

; C
G

: R
eg

ul
ar

 tr
ai

ni
ng

Fl
ex

ib
ili

ty
 (S

it 
an

d 
re

ac
h↑

#)
; P

ow
er

 (C
M

J↑
#)

; S
pe

ed
 

(1
0 

m
↑#

); 
A

gi
lit

y 
(T

-t
es

t↑
#)

; B
al

an
ce

 (R
D

B↑
#,

 L
D

B↑
#,

 
SB
↑#

)

U
sg

u 
et

 a
l. 

(2
02

0)
 [4

4,
 4

5]
Fr

eq
.: 

2 
tim

es
/w

ee
k,

 ti
m

e:
 7

5–
85

 m
in

, L
en

gt
h:

 
20

 w
ee

ks
EG

: F
un

ct
io

na
l t

ra
in

in
g;

 C
G

: R
eg

ul
ar

 tr
ai

ni
ng

St
re

ng
th

 (1
 R

M
 b

en
ch

 p
re

ss
↑ 

an
d 

le
g 

pr
es

s 
te

st
s↑

#)
; 

Fl
ex

ib
ili

ty
 (s

it 
an

d 
re

ac
h↑

); 
A

gi
lit

y 
(T

-d
ril

l↑
, L

an
e-

A
gi

l-
ity

 te
st

s↑
#)

; S
pe

ed
 (2

0 
m
↑#

); 
Po

w
er

 (V
er

tic
al

 ju
m

p↑
#)

Tu
rn

a 
& 

A
lp

 (2
02

0)
 [4

6]
Fr

eq
.: 

2 
tim

es
/w

ee
k,

 ti
m

e:
 2

0 
m

in
, L

en
gt

h:
 8

 w
ee

ks
EG

: F
un

ct
io

na
l t

ra
in

in
g;

 C
G

: R
eg

ul
ar

 tr
ai

ni
ng

St
re

ng
th

 (V
er

tic
al

 ju
m

p↑
, h

an
d 

gr
ip
↑,

 b
ac

k-
le

g 
st

re
ng

th
↑)

; F
le

xi
bi

lit
y 

(s
it 

an
d 

re
ac

h↑
); 

Sp
ee

d 
(3

0 
m
↑)

Zi
rh

li 
& 

D
em

irc
i (

20
20

) [
47

]
Fr

eq
.: 

2 
tim

es
/w

ee
k,

 ti
m

e:
 9

0 
m

in
, L

en
gt

h:
 8

 w
ee

ks
EG

: F
un

ct
io

na
l t

ra
in

in
g;

 C
G

: R
eg

ul
ar

 tr
ai

ni
ng

Sp
ee

d 
(1

0 
m
↑#

); 
Po

w
er

 (v
at

ic
al

 le
ap

 te
st
↑#

); 
Fl

ex
-

ib
ili

ty
 (s

it 
an

d 
re

ac
h↑

#)
; A

gi
lit

y 
(T

-t
es

t↑
#)

; A
na

er
ob

ic
 

ca
pa

ci
ty

 (W
in

ga
te

 A
na

er
ob

ic
 P

ow
er

 T
es

t↑
#)

Tu
rk

er
 &

 Y
uk

se
l (

20
21

)
Fr

eq
.: 

3 
tim

es
/w

ee
k,

 ti
m

e:
 N

R,
 L

en
gt

h:
 8

 w
ee

ks
EG

: F
un

ct
io

na
l +

 st
re

ng
th

 tr
ai

ni
ng

; C
G

: R
eg

ul
ar

 
tr

ai
ni

ng
A

er
ob

ic
 c

ap
ac

ity
 (W

at
t b

ik
e 

Pr
o 

Ra
m

p 
Te

st
↑#

); 
Bo

dy
 

Co
m

po
si

tio
n 

(F
at

 M
ea

su
re

m
en

t↑
#)

; D
yn

am
ic

 B
al

-
an

ce
 T

es
t (

Li
br

a 
se

e 
sa

w
 b

al
an

ci
ng

 b
oa

rd
 te

st
↑#

)

H
ov

se
pi

an
 e

t a
l. 

(2
02

1)
 [4

8]
Fr

eq
.: 

4 
tim

es
/w

ee
k,

 ti
m

e:
 in

 a
ve

ra
ge

 o
f 8

0–
15

0 
an

d 
18

0–
24

0 
m

in
 p

er
 w

ee
k 

re
sp

ec
tiv

el
y,

 L
en

gt
h:

 
10

 w
ee

ks

EG
: H

ig
h 

in
te

ns
ity

 fu
nc

tio
na

l t
ra

in
in

g;
 C

G
: R

eg
ul

ar
 

tr
ai

ni
ng

Ba
sk

et
ba

ll 
si

m
ul

at
ed

 p
er

fo
rm

an
ce
↑#

; A
gi

lit
y 

(t-
te

st
↑)

; 
la

te
ra

l s
hu

ffl
e 

te
st

 ↔
 , v

er
tic

al
 ju

m
p 
↔

 , a
ve

ra
ge

 
po

w
er
↑#

Ca
rv

ut
to

 e
t a

l. 
(2

02
1)

 [4
9]

Fr
eq

.: 
3 

tim
es

/w
ee

k,
 ti

m
e:

 9
0 

m
in

, L
en

gt
h:

 8
 w

ee
ks

EG
: H

ig
h 

in
te

ns
ity

 fu
nc

tio
na

l t
ra

in
in

g;
 C

G
: R

eg
ul

ar
 

tr
ai

ni
ng

A
gi

lit
y 

(t-
te

st
↑#

); 
Sp

ee
d 

(2
0 

m
↑#

)

Ke
in

er
 e

t a
l. 

(2
02

2)
 [5

0]
Fr

eq
.: 

2 
tim

es
/w

ee
k,

 ti
m

e:
 6

0 
m

in
, L

en
gt

h:
 

10
 m

on
th

s
EG

1:
 T

ra
di

tio
na

l s
tr

en
gt

h 
tr

ai
ni

ng
; E

G
2:

 P
ly

om
et

ric
s 

an
d 

sp
rin

t t
ra

in
in

g;
 E

G
3:

 F
un

ct
io

na
l t

ra
in

in
g;

 C
G

: 
Re

gu
la

r t
ra

in
in

g

Sp
ee

d 
(2

0 
m
↑#

, C
D

S:
 C

O
D

SR
↑#

, C
O

D
SL
↑#

); 
Po

w
er

 
(S

J: 
AT
↑#

, J
H
↑#

); 
St

re
ng

th
 (1

RM
↑#

)



Page 9 of 19Xiao et al. BMC Sports Science, Medicine and Rehabilitation            (2025) 17:2  

Ta
bl

e 
3 

(c
on

tin
ue

d)

St
ud

y
In

te
rv

en
tio

ns
Ty

pe
 o

f E
xe

rc
is

e
M

ea
su

ri
ng

 in
st

ru
m

en
ts

 a
nd

 m
ai

n 
ou

tc
om

es

Zh
en

g 
(2

02
2)

 [5
1]

Fr
eq

.: 
3 

tim
es

/w
ee

k,
 ti

m
e:

 4
5 

m
in

, L
en

gt
h:

 
10

 w
ee

ks
EG

: F
un

ct
io

na
l t

ra
in

in
g;

 C
G

: R
eg

ul
ar

 tr
ai

ni
ng

D
iffi

cu
lty

 s
co

re
s 

of
 s

pe
ci

fic
 a

ct
io

ns
 (t

im
e 

to
 p

an
 

36
0↑

#,
 tu

rn
 3

60
 w

hi
p 

tim
e↑

#,
 b

al
an

ce
 a

nd
 fl

ex
-

ib
ili

ty
 d

iffi
cu

lty
 s

co
re
↑#

, t
ot

al
 d

iffi
cu

lty
 s

co
re
↑#

), 
fit

ne
ss

 (p
la

nk
 h

ig
h-

fiv
e↑

#,
 p

ul
le

y 
su

pp
or

t↑
#,

 R
us

si
an

 
sw

iv
el
↑#

, f
as

t s
it-

up
s 

tu
rn
↑#

, b
ac

kb
en

d↑
#,

 b
ac

k 
up

↑#
)

A
bo

od
 e

t a
l. 

(2
02

2)
 [2

3]
Fr

eq
.: 

3 
tim

es
/w

ee
k,

 ti
m

e:
 2

0–
25

 m
in

, L
en

gt
h:

 
8 

w
ee

ks
EG

: F
un

ct
io

na
l t

ra
in

in
g;

 C
G

: R
eg

ul
ar

 tr
ai

ni
ng

A
cc

ur
ac

y 
of

 s
ho

ot
in

g 
sk

ill
 fr

om
 o

ut
si

de
 th

e 
th

re
e-

po
in

t a
rc
↑

Zo
u 

& 
M

a 
(2

02
2)

 [5
2]

Fr
eq

.: 
N

R,
 ti

m
e:

 N
R.

, L
en

gt
h:

 1
6 

w
ee

ks
EG

: F
un

ct
io

na
l t

ra
in

in
g;

 C
G

: R
eg

ul
ar

 tr
ai

ni
ng

Co
re

 e
nd

ur
an

ce
↑#

, c
or

e 
st

re
ng

th
↑#

Li
u 

& 
Yi

 (2
02

3)
 [5

3]
Fr

eq
.: 

3 
tim

es
/w

ee
k,

 ti
m

e:
 N

R,
 L

en
gt

h:
 1

2 
w

ee
ks

EG
: F

un
ct

io
na

l t
ra

in
in

g;
 C

G
: R

eg
ul

ar
 tr

ai
ni

ng
H

it 
ac

cu
ra

cy
 te

st
↑,

 d
ep

th
 te

st
↑

Le
e 

et
 a

l. 
(2

02
3)

 [5
4]

Fr
eq

.: 
3 

tim
es

/w
ee

k,
 ti

m
e:

 6
0 

m
in

, L
en

gt
h:

 6
 w

ee
ks

EG
: F

un
ct

io
na

l t
ra

in
in

g;
 C

G
: W

ei
gh

t t
ra

in
in

g
St

re
ng

th
 (h

an
dg

rip
, L
↑#

 a
nd

 R
↑)

, s
it 

up
 ↔

 si
de

-
st

ep
 ↔

 , 3
0 

m
 ↔

 #
, s

ta
nd

in
g 

lo
ng

 ju
m

p 
↔

 p
itc

hi
ng

 
sp

ee
d 
↔

 #
, B

at
tin

g 
sp

ee
d 
↔

 #

C
he

n 
(2

02
3)

 [5
5]

Fr
eq

.: 
3 

tim
es

/w
ee

k,
 ti

m
e:

 N
R,

 L
en

gt
h:

 8
 w

ee
ks

EG
: F

un
ct

io
na

l t
ra

in
in

g;
 C

G
: R

eg
ul

ar
 tr

ai
ni

ng
D

ep
th

 te
st
↑,

 h
it 

ac
cu

ra
cy

 te
st
↑

W
u 

et
 a

l. 
(2

02
3)

 [5
6]

Fr
eq

.: 
2 

tim
es

/w
ee

k,
 ti

m
e:

 4
0 

m
in

, L
en

gt
h:

 8
 w

ee
ks

EG
: F

un
ct

io
na

l t
ra

in
in

g;
 C

G
: R

eg
ul

ar
 tr

ai
ni

ng
Ro

w
in

g 
sp

ee
d 

(2
00

 m
 ro

w
in

g↑
#)

; S
tr

en
gt

h 
(h

an
d 

gr
ip

 ↔
 , p

ul
l-u

p↑
, p

us
h-

up
↑)

; A
gi

lit
y 

(4
 ×

 1
0 

m
 

sh
ut

tle
 ru

n 
↔

 #
); 

Sp
ee

d 
(3

0 
m

 ↔
); 

Fl
ex

ib
ili

ty
 (s

it 
an

d 
re

ac
h 
↔

); 
Po

w
er

 (s
ta

nd
in

g 
lo

ng
 ju

m
p 
↔

 #
)

Kh
az

ae
i &

 A
m

an
i-S

ha
la

m
za

ri 
(2

02
3)

 [5
7]

Fr
eq

.: 
3 

tim
es

/w
ee

k,
 ti

m
e:

 7
5–

90
 m

in
, L

en
gt

h:
 

8 
w

ee
ks

EG
: F

un
ct

io
na

l s
tr

en
gt

h 
tr

ai
ni

ng
; C

G
: R

eg
ul

ar
 

tr
ai

ni
ng

Fl
ex

ib
ili

ty
 (s

it 
an

d 
re

ac
h↑

); 
Ba

la
nc

e 
(Y

-b
al

an
ce

 te
st
↑)

; 
Po

w
er

 (S
ar

ge
nt

 te
st
↑#

); 
Sp

ee
d 

(3
0 

m
↑)

; A
gi

lit
y 

(t-
te

st
↑)

; R
ea

ct
io

n 
tim

e(
8-

di
re

ct
io

n 
re

ac
tio

n 
tim

e 
te

st
↑)

; A
er

ob
ic

 e
nd

ur
an

ce
 (B

ru
ce

 te
st
↑)

; S
tr

en
gt

h 
(s

it-
up

↑)
; M

us
cu

la
r e

nd
ur

an
ce

 (p
us

h-
up

s↑
)

Xi
ao

 e
t a

l. 
(2

02
3)

 [1
2]

Fr
eq

.: 
3 

tim
es

/w
ee

k,
 ti

m
e:

 6
0 

m
in

, L
en

gt
h:

 
12

 w
ee

ks
EG

: F
un

ct
io

na
l t

ra
in

in
g;

 C
G

: R
eg

ul
ar

 tr
ai

ni
ng

St
re

ng
th

 (p
us

h-
up

s↑
#,

 w
al

l s
qu

at
 te

st
↑#

); 
Po

w
er

 
(o

ve
r m

ed
ic

in
e 

ba
ll 

th
ro

w
↑#

, s
ta

nd
in

g 
lo

ng
 ju

m
p↑

#)

Sh
an

g 
et

 a
l. 

(2
02

3)
 [5

8]
Fr

eq
.: 

3 
tim

es
/w

ee
k,

 ti
m

e:
 N

R,
 L

en
gt

h:
 8

 w
ee

ks
EG

: F
un

ct
io

na
l t

ra
in

in
g;

 C
G

: R
eg

ul
ar

 tr
ai

ni
ng

Pu
sh

-u
ps
↑,

 to
uc

h 
hi

gh
 ↔

 , 3
20

0 
m
↑,

 li
m

ite
d 

ar
ea

 
bo

dy
 a

cu
ity

 d
et

ec
tio

n↑
#,

 fo
ur

 ti
m

es
 th

e 
ba

sk
et

ba
ll 

co
ur

t s
id

el
in

e 
17

 tu
rn

s 
ba

ck
↑#

, R
un

-u
p 

to
uc

h↑
#

Xi
ao

 e
t a

l. 
(2

02
4)

 [3
5]

Fr
eq

.: 
3 

tim
es

/w
ee

k,
 ti

m
e:

 6
0 

m
in

, L
en

gt
h:

 
12

 w
ee

ks
EG

: F
un

ct
io

na
l t

ra
in

in
g;

 C
G

: R
eg

ul
ar

 tr
ai

ni
ng

Ca
rd

io
re

sp
ira

to
ry

 e
nd

ur
an

ce
 (m

ul
tis

ta
ge

 fi
tn

es
s 

te
st
↑#

); 
A

gi
lit

y 
(t

he
 h

ex
ag

on
 te

st
↑#

, p
la

nn
ed

 a
gi

l-
ity
↑#

); 
Sp

ee
d 

(2
0 

m
 ↔

 #
); 

Fl
ex

ib
ili

ty
 (s

it 
an

d 
re

ac
h↑

#)

Ba
sh

ir 
et

 a
l. 

(2
02

4)
 [3

6]
Fr

eq
.: 

3 
tim

es
/w

ee
k,

 ti
m

e:
 6

0 
m

in
, L

en
gt

h:
 

12
 w

ee
ks

EG
: F

un
ct

io
na

l t
ra

in
in

g;
 C

G
: R

eg
ul

ar
 tr

ai
ni

ng
Fl

ex
ib

ili
ty

 (s
it 

an
d 

re
ac

h↑
#)

; A
gi

lit
y 

(t-
te

st
↑#

, I
lli

no
is

 
ag

ili
ty

 te
st
↑#

); 
Sp

ee
d 

(3
0 

m
 ↔

 #
); 

M
us

cu
la

r e
nd

ur
-

an
ce

 (p
us

h-
up

s↑
#)

N
R 

no
t r

ep
or

te
d,

 M
 m

al
e,

 F
 fe

m
al

e,
 y

r y
ea

r, 
EG

 fu
nc

tio
na

l t
ra

in
in

g 
gr

ou
p,

 C
G

 c
on

tr
ol

 g
ro

up
, F

re
q 

fr
eq

ue
nc

y;
 ti

m
e:

 s
in

gl
e 

in
te

rv
en

tio
n 

tim
e;

 L
en

gt
h:

 to
ta

l t
im

e 
of

 th
e 

in
te

rv
en

tio
n;

 ↑
: s

ig
ni

fic
an

t d
iff

er
en

ce
 b

et
w

ee
n 

pr
e-

 a
nd

 
po

st
-e

xp
er

im
en

ta
l g

ro
up

 d
at

a;
 ↔

 : n
o 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

 b
et

w
ee

n 
pr

e-
 a

nd
 p

os
t-

ex
pe

rim
en

ta
l g

ro
up

 d
at

a;
 #

: s
ig

ni
fic

an
t d

iff
er

en
ce

 b
et

w
ee

n 
po

st
-e

xp
er

im
en

ta
l g

ro
up

 d
at

a,
 N

W
P 

no
rm

al
 s

oc
ce

r w
ar

m
-u

p,
 W

PS
 w

ar
m

-u
p 

pr
og

ra
m

 s
up

pl
em

en
te

d 
w

ith
 fu

nc
tio

na
l t

ra
in

in
g



Page 10 of 19Xiao et al. BMC Sports Science, Medicine and Rehabilitation            (2025) 17:2 

agility test [36]. The participants were martial arts 
players [41], tennis players [21, 35, 47], basketball 
players [44, 48, 58], soccer players [49], dragon boat 
racers [36], taekwondo players [51], and hockey 
players. The results of most studies showed that 
functional training significantly improved athletes’ 
agility performance [21, 35, 36, 41, 44, 47–49, 57, 
58], whereas Tomljanović et  al. (2011) reported a 
significant improvement in the hexagonal test and 
no significant change in the 5–10-5 test. Addition-
ally, only one study showed no statistically sig-
nificant differences in shuttle run test results [56]. 
Furthermore, five studies revealed a significant dif-
ference in the between-group outcomes after the 
intervention [35, 36, 44, 48, 57].

(2) Balance. Four studies focused on balance perfor-
mance, which was assessed using the dynamic bal-
ance test [21, 24, 59], the static balance test [21], 
and the Y-balance test [57]. The participants were 
hammer throw players [24], tennis players [21], bas-
ketball players [59], and taekwondo players [57]. 
These studies’ data revealed that functional training 
greatly enhanced participants’ balance abilities. Fur-
thermore, three investigations showed significant 
differences between groups after the intervention 
[21, 24, 59].

(3) Reaction time. One of the included studies focused 
on response time [57], and used 8-way reaction 
time test to examine reaction time performance in 
professional taekwondo athletes; a significant differ-
ence was observed within groups but not between 
groups.

(4) Power. Thirteen studies focused on power perfor-
mance, which was assessed using the vertical long 
jump [21, 37, 43, 44, 46–48, 50], standing long jump 
[12, 54, 56], over medicine ball throw [12], Sargent 
test [57], and assisted running with touching the 
ground with a jump in place [58]. The participants 
included tennis players [12, 21, 47], soccer play-
ers [46, 50], basketball players [44, 48, 58], dragon 
boat racers [56], taekwondo players [57], handball 
players [43], and baseball players [54], with one 
study reporting only the results for college ath-
letes [37]. The results of most studies confirmed 
that functional training improved subjects’ power 
performance, whereas the results of five studies 
showed that functional training did not significantly 
improve subjects’ power performance [43, 48, 54, 
56, 58]. Nine studies reported significant differences 
between the groups after the intervention [12, 21, 
37, 44, 47, 50, 56–58].

(5) Speed. Fourteen studies focused on speed per-
formance; speed was assessed with a linear speed 

test, a multidirectional speed test, and a repetitive 
sprinting ability test, and most studies used linear 
speed tests at distances of 5 m, 10 m, 15 m, 20 m, 
25 m, and 30 m [21, 35–38, 44, 46, 47, 49, 50, 54, 56, 
57]. Two studies used both linear speed and multi-
directional directional speed tests [38, 50]; multidi-
rectional speed was assessed using change-of-direc-
tion sprints (5 m left and right turns, 10 m left and 
right turns), and only one study evaluated the bene-
fits of an intervention using the repetitive sprinting 
ability test [43]. The participants included college 
athletes [37], soccer players [38, 46, 50], handball 
players [43], tennis players [21, 35, 47], basketball 
players [44], taekwondo players [57], baseball play-
ers [57], dragon boat racers [56], and hockey play-
ers [36]. Most studies confirmed that functional 
training significantly improved athletes’ speed per-
formance [21, 35, 36, 38, 43, 44, 46, 47, 49, 50, 54, 
57], whereas three studies reported no significant 
improvement in subjects’ straight-line sprint speed 
performance after functional training [37, 54, 56]. 
Furthermore, seven studies revealed a significant 
difference in the between-group outcomes after the 
intervention [21, 38, 44, 47, 49, 50, 54].

Effect of functional training on technical performance
The dominant factors of athletes’ athletic ability and its 
manifestations or characteristics were used to catego-
rize the technical performance results in this study [61]. 
These factors allowed for the following classifications: 
(1) same-court confrontational item groups (basketball) 
[23, 48]; (2) across-net confrontational item groups (ten-
nis, badminton) [53, 55]; (3) fighting confrontational item 
groups (judo) [42]; (4) fast power item groups (shot put) 
[24, 40]; (5) difficult aesthetic item groups (dance) [51]; 
(6) endurance item groups (dragon boat racing) [56]; and 
(7) rotational offensive and defensive confrontational 
item groups (baseball) [54].

(1) Same-court confrontational item groups. Two stud-
ies examined the same-court confrontational item 
groups and measured basketball technical perfor-
mance. According to Hovsepian et  al. (2021), pro-
fessional basketball players’ performance in simu-
lated games was greatly improved after 10  weeks 
of functional training, and a significant difference 
in the between-group outcomes was observed after 
the intervention. After eight weeks of functional 
training, collegiate basketball players presented sig-
nificantly increased three-point shooting accuracy, 
according to another study. However, no significant 
differences were observed between the groups after 
the intervention [21].
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(2) Across-net confrontational item groups. Two of the 
included investigations evaluated the technical per-
formance of tennis and badminton players, focusing 
on across-net confrontational item groups. Chen 
(2023) reported significant improvements in the 
hitting depth and accuracy of national badminton 
players following 8 weeks of functional training, but 
no significant difference in the data was observed 
between the groups after the experiment. Another 
study provided club tennis players with 12 weeks of 
functional training, which significantly improved 
their stroke depth and accuracy, but no significant 
differences were observed between the groups after 
the intervention [53].

(3) Fighting confrontational item groups. Only one 
study examined fighting confrontational item 
groups. In this study, 32 weeks of functional train-
ing for college judo athletes significantly improved 
the punching speed, but a significant difference was 
not observed between the groups [42].

(4) Fast power item groups. Two studies focused on 
the fast power item groups of shot put and hammer 
throw athletes. Elbadry (2014) documented signifi-
cantly improved performance levels in tests of col-
legiate hammer throw athletes through 8 weeks of 
functional training, and a significant difference was 
observed between groups after the intervention. 
Another study revealed that 8  weeks of functional 
training significantly improved the performance of 
college shot put athletes, but no significant differ-
ence was observed between groups after the inter-
vention [40].

(5) Difficult aesthetic item groups. One study exam-
ined difficult aesthetic item groups (dancing) and 
evaluated technical performance using difficulty 
scores for specific actions (time to pan 360, turn 
360 whip time, balance and flexibility difficulty 
score, and total difficulty score). A significant dif-
ference was not observed between the groups fol-
lowing the intervention, and after 10  weeks of 
functional training, individuals demonstrated con-
siderable improvements in difficulty scores for spe-
cific actions [51].

(6) Endurance item groups. One study examined 
endurance item groups and reported that college 
dragon boat athletes who completed eight weeks 
of functional training experienced significant 
improvement in their 200-m rowing speed, but no 
significant difference was observed between the 
groups after the intervention [56].

(7) Rotational offensive and defensive adversarial item 
groups. One investigation examined rotational 
offensive and defensive adversarial item groups. 

After six weeks of functional training, collegiate 
baseball players’ pitching and batting speeds were 
significantly improved, and a significant difference 
was observed between the groups after the inter-
vention [54].

Discussion
This systematic review provides a comprehensive over-
view of the impact of functional training on physical and 
technical performance among athlete’s and the relevant 
knowledge for improving their physical and techni-
cal performance. Of the 28 studies included, 22 studies 
focused on physical performance (no studies focused on 
coordination), and 11 studies reported on technical per-
formance. The results show that functional training can 
significantly improve the physical and technical perfor-
mance of the athlete population. Additionally, the mean 
Pedro score of the included studies was 5.57 (moderate 
quality, ranging from 4 to 10).

Effect of functional training on physical performance
This study offers a comprehensive overview of the impact 
of functional training on athletes’ physical performance, 
drawing on 20 studies that specifically examined athletes’ 
physical performance and concluded that functional 
training improves it.

Effects of functional training on health‑related physical 
performance

(1) Muscular strength. Strong evidence supports the 
suggestion that functional training improves ath-
letes’ strength performance. Strength performance 
can be classified as either upper or lower extrem-
ity strength; ten studies [12, 24, 37, 39, 41, 46, 54, 
56–58] focused on the strength of the upper limbs, 
four focused on the lower limbs [12, 44, 50, 52], 
and only one focused on the combined strength of 
both limbs [12]. These studies confirmed that func-
tional training improved athletes’ muscle strength 
significantly. The most recent results are supported 
by similar benefits reported in other investigations. 
Oliver (2019) observed that following 13  weeks 
of functional training, female volleyball players’ 
strength (single-legged deep squats) increased sig-
nificantly [22]. Consistent with Ju-sik’s (2019) find-
ings, the back strength of experienced taekwondo 
players was significantly improved after six weeks 
of functional training [62]. During an 8-week neu-
romuscular warm-up before and following tennis-
specific training, Fernandez-Fernandez et al. (2020) 
reported significant improvements in shoulder 
strength and solid ball throwing [19]. Furthermore, 
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five studies fulfilling the criteria for inclusion in the 
literature review reported no significant differences 
in the data between groups following the experi-
ment [46, 54, 56–58], which strengthened the sug-
gestion that athletes’ upper-limb muscle strength 
can be enhanced by regular exercise. This conclu-
sion can be understood by the simple fact that dif-
ferent types of regular target athletes’ strength indi-
cators, as shown by an analysis of the intervention 
protocols in these five investigations. In addition, 
five studies [12, 24, 37, 39, 41] documented signifi-
cant within-group and between-group differences 
in the data, indicating that functional training is 
better than standard training in terms of improving 
athletes’ upper limb strength.

(2) Muscular endurance. Two studies that examined 
the impact of functional training on muscular 
endurance demonstrated that Taekwondo athletes’ 
muscle endurance performance can be significantly 
improved through functional training. One high-
quality study and one moderate-quality study that 
used the Pedro scale to measure methodological 
quality confirmed this conclusion. Therefore, the 
effects of functional training on muscle endurance 
seem to be supported by moderate-quality evi-
dence on muscle endurance performance. Zou et al. 
(2022) documented significantly improved muscu-
lar endurance (taekwondo core endurance test) of 
taekwondo athletes through 16 weeks of functional 
training [52]. Khazaei et al. (2023) observed signifi-
cantly improved muscular endurance (push-ups) in 
elite taekwondo athletes through 8  weeks of func-
tional strength training, with no between-group 
differences [57]. This study suggested that both 
functional and conventional training can signifi-
cantly improve muscular endurance in taekwondo 
athletes and that both provide additional benefits to 
specific components of endurance [63]. However, 
push-ups are used to assess muscular endurance 
in the pectoralis major, deltoids, and triceps rather 
than in the deep core [64], which may account for 
the lack of significant differences between groups. 
Notably, other studies have confirmed that func-
tional training significantly improves endurance 
performance in nonathlete populations; Menz et al. 
(2019) reported significantly improved muscular 
endurance performance in college students with 
12 weeks of functional training [63]. Wibowo et al. 
(2021) and Fathir et al. (2021) reported significantly 
improved endurance performance in recreational 
runners after 6 weeks of functional training [65, 66].

(3) Flexibility. Functional training significantly improved 
flexibility performance in six of the investigations, 
whereas two studies reported no significant improve-
ment in flexibility performance [54, 56]. Functional 
training exercises the subjects’ hips and improves 
their lumbar‒pelvic‒hip mobility; it also changes 
physiological conditions such as neuromuscular 
excitability and elevated rates of neurotransmission, 
which could decrease soft tissue viscosity [67, 68]. 
Dynamic and multiplanar movement patterns that 
promote muscle activation and core activation may 
also have contributed to this significant improvement 
[69, 70]. The results of the other investigations may 
be associated with the intervention program created 
in the various investigations, which is an unknown 
factor, considering that Lee et al. (2023) and Wu et al. 
(2023) could not identify significant improvements 
in the subjects’ flexibility performance. For the ben-
efit of a thorough examination of the results, future 
research should provide specifics on the intervention 
program.

(4) Cardiorespiratory endurance. Six studies investi-
gating this aspect revealed that functional train-
ing significantly enhanced athletes’ cardiorespira-
tory endurance performance; however, one study 
reported no significant difference in the postinter-
vention outcomes between groups [57]. This results 
may be because long term elite athletes or individu-
als participating continuous organized exercise pro-
grams (lasting more than three years) have notably 
achieved significant physiological modifications 
[71], and enhancements in cardiorespiratory endur-
ance have a direct impact on sports performance 
[72]. Previous investigations have confirmed this 
result, showing that taekwondo athletes’ cardiorespi-
ratory endurance performance (VO2max) improved 
after 6  weeks [73] and 4  weeks [74] of functional 
training. Furthermore, Khazaei et al. (2023) did not 
observed a significant difference in the cardiorespi-
ratory endurance (Bruce test) of professional taek-
wondo players after 8 weeks of functional strength 
training [57]. This results further demonstrated that 
both interventions significantly improved the sub-
jects’ cardiorespiratory endurance performance, 
with the experimental group exhibiting significantly 
greater levels of cardiorespiratory endurance per-
formance (10.8% vs. 5.6%) than the control group. 
The observed difference might be addressed by the 
athletes’ initial higher baseline in cardiorespiratory 
endurance, necessitating a more extended duration 
of the intervention to significantly strengthen their 
performance in this domain [72].
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Effects of functional training on skill‑related physical 
performance

(1) Agility. Ten investigations examined subjects’ agility 
performance, and eight of the investigations found 
that functional training significantly improved 
participants’ agility. This significant improvement 
could be attributed to the neuromuscular changes 
generated by functional training and the increased 
energy produced by increased skeletal muscle syn-
chrony, which enhances individuals’ agility. How-
ever, after eight weeks of functional training, Wu 
et  al. (2023) did not observe find any significant 
increases in shuttle running ability. Furthermore, 
Tomljanović et  al. (2011) reported that after five 
weeks of functional training, moderately trained 
male athletes’ agility performance (hexagonal test) 
was significantly improved, with a strength capacity 
and postural control that dominated across speeds 
(agility 5–10-5 test) [37]. This result suggests that 
the athletes followed a functional training program 
that focused mainly on upper-body unstable resist-
ance movement exercises and lacked a whole-body 
movement exercises [37].

(2) Balance. The results of four studies demonstrated 
that functional training can lead to significant 
improvements in the following areas: the dynamic 
balance performance of hammer throw athletes 
[24], the dynamic balance performance of bas-
ketball players [59], the dynamic and static bal-
ance performance of tennis players [21], and the 
performance on the Y-balance test of taekwondo 
athletes [57]. Furthermore, one high-quality study 
and three moderate-quality studies that used the 
Pedro scale to measure methodological quality 
confirmed this conclusion. Therefore, the effects 
of functional training on balance seem to be sup-
ported by moderate-quality evidence on balance 
performance. These results are consistent with 
those reported in a previous systematic review [1]. 
Xiao et al. (2021) reported that functional training 
improves the adaptations that occur in all the sen-
sory systems assisting with postural control, such as 
the vestibular, visual, and somatosensory and motor 
systems controlling muscular output. Additionally, 
some studies have confirmed significant positive 
correlation between balance, muscle strength and 
flexibility [75, 76]. A reasonable explanation for this 
result may be that functional training improves the 
core strength of the subjects, thereby improving the 
stability of the individual’s control of the spine and 
pelvis, coordinating the shift in the centre of grav-

ity and posture adjustment during movement, and 
improving the balance ability of the athlete [77, 78].

(3) Reaction time. One study examined reaction time 
and used an 8-way reaction time test. This study 
evaluated the impact of functional training on pro-
fessional taekwondo athletes. The functional train-
ing group improved by 17.7%, whereas the control 
group improved by 11.2%, with significant differ-
ences in the data between the groups. This differ-
ence could be a result of improved neuromuscular 
function and increased recruitment of fast muscle 
fibers after the intervention, both of which increase 
the athletes’ reaction times [57]. Nevertheless, 
additional studies did not support this conclusion. 
After 12  weeks of functional training, Redondo 
et  al. (2014) did not find a statistically significant 
improvement in the reaction times of elite fencers. 
The findings of these two studies could be explained 
by the fact that top athletes have initial response 
times that are naturally high and that this metric 
needs much time to develop [79].

(4) Power. Eight investigations reported that functional 
training significantly improved the performance 
of power, whereas five additional studies reported 
no significant differences in this aspect [43, 48, 54, 
56, 58]. This notable improvement might be attrib-
uted to the fact that functional training increases 
the kinetic chain’s movement of energy transfer 
and strengthens the athletes’ struts, producing a 
powerful and productive movement pattern [80]. 
Functional training also improved subjects’ lower 
limb power performance by strengthening their hip, 
knee, and ankle extension muscles [45]. Research 
has shown that functional training can strengthen 
the interaction between upper and lower limb 
movements, leading to a more regulated trans-
fer of power, and that upper body swing (arms) 
increases athletes’ lower limb leaping performance 
[81]. Some explanations for the lack of noticeable 
improvements in the subjects’ explosive ability fol-
lowing functional training are provided below. First, 
most the studies’ intervention protocols used in 
these studies revolved around upper-body exercises 
and did not include a design for lower-body move-
ments. Second, the maximum intervention period 
was 10 weeks, which may have been insufficient to 
significantly increase the subjects’ power perfor-
mance. Furthermore, most studies have overlooked 
upper-body explosive performance and rather 
focused on lower-body power performance.

(5) Speed. Twelve trials examined speed performance; 
most of the trials documented statistically signifi-
cant improvements in linear, multidirectional, and 
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repeated sprint speed tests. This conclusion could 
be explained by the evidence that functional train-
ing enhances athletes’ patterns of motion. Athletes’ 
speed performance is improved when functional 
movement patterns are optimized, as shown by 
Campa et  al. (2019). In contrast, compensatory 
movement patterns, such as joint hypermobility 
or inadequate muscle strength, can reduce an ath-
lete’s movement efficiency and increase the risk of 
sports injuries [82, 83]. Functional training looks at 
athletes’ movements as a whole movement chain, 
emphasizing the flexibility and stability of body 
joints to enable coordinated and smooth motions. 
Weak links in the chain are identified through 
examination, and then specific training is imple-
mented to maximize the movement’s performance 
[12, 84]. Three investigations reported no improve-
ments in linear sprinting speed [37, 54, 56], and Lee 
et al. (2023) observed that after six weeks of func-
tional training, collegiate baseball players’ speed 
(30  m) performance did not significantly improve; 
nevertheless, posttest outcomes were significantly 
difference between groups [54]. These results sug-
gest that functional training requires a longer inter-
vention time for lasting improvements in speed 
performance, and the intervention time may have 
been sufficient to transfer the training effects to 
actual movements. The absence of increased stimu-
lation practice movements in the intervention pro-
tocol, which had the most beneficial effect on speed 
performance, was identified by an examination of 
the functional training programs in this study [85]. 
Future studies might focus on whether an 8-week 
functional training program may significantly 
increase athletes’ speed performance, considering 
that this period was the most frequently used inter-
vention time in the included studies.

Effect of functional training on technical performance
The effects of functional training on athletes’ technical 
performance were the subject of a thorough and system-
atic review by this study, which categorized the research 
according to the primary manifestations or attributes of 
athletes’ athletic ability as well as the dominant factors 
influencing athletes’ athletic ability [86].

(1) Same-court confrontational item groups. Moder-
ate-quality evidence seems to be available for this 
cluster because both studies on the same-court 
confrontational item groups found that functional 
training significantly improved basketball players’ 
technical performance. The findings were further 
confirmed through the analysis of one high-quality 

study and one moderate-quality study combined 
with the Pedro scale. According to studies by Hov-
sepian et  al. (2021) and Abood et  al. (2022), bas-
ketball players’ technical performance increases 
significantly following the application of functional 
training for 10 and 8  weeks, respectively [23, 48]. 
While attempting to use offensive or defensive 
techniques, basketball players must continuously 
shift their body positions and maintain balance 
and control. This process calls for the coordinated 
movement of several core-stimulated muscles. 
Conversely, sagittal, coronal (or frontal), and trans-
verse plane motions are all part of functional train-
ing [87]. In basketball, the muscles collaborate in all 
dimensions to maximize the effectiveness of each 
unique move. The entire basketball shooting, drib-
bling, and other technology power chain starts at 
the sole of the foot; travels through the ankle, knee, 
hip, upper body, arm, and wrist, and ends with 
the fingers when the ball is thrown. For the entire 
power chain to transfer energy more effectively, the 
core area must stimulate the coordinated activity of 
several muscles [14].

(2) Across-net confrontational item groups. Func-
tional training was found to significantly enhance 
performance in across-net confrontational item 
groups, as shown by two studies that focused on 
badminton and tennis players. Medium-quality evi-
dence is available for investigations on the techni-
cal performance of a-cross-net confrontational item 
groups, as indicated by the methodological quality 
assessment of the Pedro scale, which included one 
high quality study and one medium quality study. 
Across-net confrontational item groups require 
an accurate and aggressive technique [61]. Play-
ers must simultaneously and accurately control the 
racket to achieve accuracy and accurate control of 
the shot depth [86]. The participants’ shot-accuracy 
and shot depth were assessed in both trials. Func-
tional training interventions will likely improve per-
formance. This improvement could be explained by 
the athletes’ enhanced ability for accurate motor 
nerve control of the racket, increased power trans-
mission effectiveness in the power chain, and 
improved control over body posture and technical 
movements during exercise as a result of the func-
tional training [1]. The muscles in the back and 
abdomen tighten considerably when a tennis player 
serves, which aids in the player’s ability to keep their 
waist stable while striking the ball. Athletes’ ath-
letic ability and the trunk muscle group are closely 
linked. Athletes’ trunk muscle group performance 
can be enhanced by strengthening their body mus-



Page 15 of 19Xiao et al. BMC Sports Science, Medicine and Rehabilitation            (2025) 17:2  

cles through exercise. Tennis hitting, or the swing 
action, is viewed as a dynamic chain in functional 
training. In addition to improving the subjects’ 
core strength, functional training can accelerate the 
transfer of leg energy and enhance the quality of 
their swings, ultimately leading to the development 
of core control abilities.

(3) Fighting confrontational item groups. Limited evi-
dence is available showing that functional training 
might improve the technical performance of fight-
ing confrontational item groups. A study revealed 
that 32  weeks of functional training can signifi-
cantly increase the punching speed of judo athletes 
[42]. The Pedro methodological quality assessment 
of the study also indicated medium quality. Judokas 
frequently use single-leg support, rotation, or tor-
sion as the primary action when performing offen-
sive techniques. This technique calls for a strong 
core muscle group to preserve the stability of the 
spine. Judokas possess a wide range of explosive 
power movements during training and competi-
tion, including pushing, pulling, and turning [88]. 
Functional training seems to considerably increases 
the punching speed of judo athletes because it 
strengthens motor control and improves spine flex-
ibility and stability.

(4) Fast power item groups. In two of the fast power 
item group investigations, college students par-
ticipating in shot put and hammer throw received 
functional training for eight weeks, three times a 
week. The results showed that functional training 
could significantly improve participants’ distance 
throw performance. These two studies were pro-
vided a medium methodological quality evaluation 
from Pedro. Therefore, a moderate amount of infor-
mation confirms the idea that functional training 
may improve the fast power item groups’ technical 
performance. Throwing sports require the coordi-
nation of upper and lower limb joints and muscles 
to perform sophisticated movements [89]. Con-
sequently, throwing athletes’ athletic performance 
is directly impacted by the transmission efficiency 
of the human power chain. Functional training 
enhances the nervous system innervation and con-
trol ability of throwers, increases the core muscle 
participation rate; enhances muscle strength, coor-
dination ability, and proprioception of the motor 
cluster; and ultimately enhances the technical 
performance of throwers. These properties could 
explain the notable improvement in athletes’ tech-
nical performance in the two studies.

(5) Difficult aesthetic item groups. The difficult aes-
thetic item groups were the focus of only one study 

[55], which reported that dancers’ difficulty scores 
for specific actions (time to pan 360, turn 360 whip 
time, balance and flexibility difficulty score, and 
total difficulty score) were significantly improved 
after 10 weeks of functional training three times a 
week [51]. The study’s methodology was evaluated 
as medium quality by the Pedro methodological 
quality assessment. The evidence that functional 
training improves the technical performance of the 
difficult aesthetic item group seems to be insuffi-
cient. Dancers need to have a strong core and pos-
sess the capacity to execute movements with great 
strength. Balance, stability, dynamics, and proprio-
ception are all emphasized in functional training, 
with a particular focus on the coordination of small 
and core muscle groups [90]. This finding has also 
been confirmed in gymnasts [91]. Athletes’ tech-
nical performance can become better-organized, 
coordinated, and consistent through functional 
training, which can also effectively strengthen the 
core muscle group and improve the body’s control 
and coordination.

(6) Endurance item groups. In one study, which empha-
sized endurance events, 8  weeks of functional 
training significantly improved the technical per-
formance of dragon boat athletes [56]. The study’s 
Pedro methodological quality was assessed as 
good. Consequently, evidence indicates that func-
tional training may improve the technical perfor-
mance of endurance event groups. The main force 
used in dragon boat racing is one-sided, resulting 
in difficulties consisting of action compensation, 
trunk instability, and deviations in the symmetry 
of the right and left sides of the body. These chal-
lenges not only limit sports performance but also 
increase the risk of sports injuries [92, 93]. Accord-
ing to this study, functional training improved the 
athletes’ capacity in the Y-balance and functional 
movement test, enhanced the movement mode for 
dragon boat athletes, decreased energy expenditure 
during movement completion, and enhanced the 
power chain’s transmission efficiency [94]. There-
fore, functional paddling training can help dragon 
boat competitors transmit power more effectively, 
regulate their body movement, and paddle faster.

(7) Rotational offensive and defensive confrontational 
item groups. One study, which emphasized the 
opposing group of rotation and attack, demon-
strated that six weeks of functional training three 
times a week might significantly improve baseball 
players’ batting and pitching speeds [54]. Little evi-
dence indicates that functional training promotes 
endurance item group technical performance, as 
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indicated by the study’s medium-quality Pedro 
methodological rating. An analysis of the study’s 
intervention plan might be needed to understand 
this finding. The intervention plans for the control 
group involved routine training with a focus on iso-
lated muscles or muscle groups, leading to reduced 
muscle elasticity and limited joint flexibility. In 
contrast, the functional training plan employed 
unilateral movements as the foundation for com-
prehensive movement training, incorporating base-
ball-specific characteristics. Action pattern optimi-
zation is given more consideration [54].

Strengths and limitations
This study gas several strengths. First, the methodo-
logical strengths of this review include adherence to the 
PRIMSA statement and a rigorous assessment of the 
quality of evidence using the Pedro guidelines. Second, 
three independent and blinded evaluators conducted 
the literature screen data extraction, and methodologi-
cal quality assessment, which can reduce the influence of 
subjective bias and ensure the objectivity and accuracy of 
the evaluation process.

This review presents the latest evidence of the effects 
of functional training on the physical and technical per-
formance of athletes, which can provide novel and note-
worthy value to the current body of knowledge on the 
effects of functional training on the physical and techni-
cal performance of athletic populations. Nevertheless, 
this evaluation has several limitations. First, one of the 
key variables influencing athletes’ performance in sports 
is their training experience [95]. However, the results of 
16 of the included studies may have been impacted by the 
respondents’ lack of information regarding their train-
ing experience. Future research should thus disclose the 
training experience of its respondents. Second, the accu-
racy of the findings might be affected by an inadequate 
or large sample size, as it depends on a number of fac-
tors including the study aims and target population [96, 
97]. The sample size calculation procedure was explained 
in detail in only three of the research projects that satis-
fied the eligibility requirements. Consequently, the sam-
ple size for subsequent research should be determined 
scientifically. Third, forecasting the long-term effects of 
functional training on athletic performance is challeng-
ing because this research lacked any type of short- or 
long-term follow-up. Fourth, future studies should focus 
on how functional training influences the athletic per-
formance of a wider variety of athletes, as only 14 sports 
were examined in the included studies. Last, despite 
a rigorous attempt to include all suitable studies, only 
English studies were included in this review to avoid 

misunderstandings and confusion caused by language 
differences and to ensure the accuracy of the findings.

Practical implications
This study has certain practical significance for coaches, 
athletes and other practitioners, which are described 
below. First, this study confirms that functional train-
ing can improve the physical and technical performance 
of athletes, thus, functional training should be included 
in the daily training of athletes as a training method to 
improve physical and technical performance. Second, 
this review does not provide sufficient evidence of a clear 
dose correlation to recommend the best training program 
for improving athletes’ physical and technical perfor-
mance. In general, functional training lasting more than 
20 min two to four times per week for at least 5 weeks is 
likely to be more successful than training involving vari-
ous other exercise types, durations, frequencies, and ses-
sions. Thus, therapies with these specific characteristics 
may represent fruitful areas for future research and ther-
apeutic applications. Third, the included studies focused 
on 14 different types of sports, and the methodological 
quality of the studies varied greatly (ranging from 4 to 
10). Therefore, future studies should focus on more high-
quality studies of different types of athletes.

Conclusions
This systematic review included 28 published stud-
ies, and the results revealed that functional training can 
enhance the physical and technical performance of the 
athlete population. The results also support the prin-
ciple of specificity in training Xiao et  al. (2023) studied 
the training contents of functional training, including 
strength and power, and the results revealed significant 
improvements in tennis players’ strength and power 
performance. Additionally, most studies documented 
significant differences between groups, whereas other 
studies reported no significant differences, which may 
be due to factors such as the athletes’ training experience 
and the duration of the training program. Therefore, in 
the future, more high-quality studies of different types of 
athletes are needed to provide more reliable evidence for 
practical applications in this field.
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